This study was designed to examine the in vitro antibacterial and antioxidant activities of the essential oils (EOs) of Thymus satureioides (T.s) and T. pallidus (T.p). EOs were isolated by steam distillation and analyzed by capillary gas chromatography and gas chromatography coupled to mass spectrometry (GC-MS). The major constituents of the volatile fraction of T. satureioides were borneol (29.5%), carvacrol (9.1%), and β-caryophyllene (8.2%), while those of T. pallidus were camphor (29.8%), dihydrocarvone (17.6%), borneol (7.6%) and camphene (7.5%). The essential oils were tested against a panel of Gram+ and Gram-bacteria by using agar diffusion and broth dilution methods. The data indicated that the Gram-positive Bacillus subtilis was the most sensitive strain producing an average inhibition zone of 51.7 mm. Furthermore, Pseudomonas aeruginosa, known as a resistant strain, was also sensitive. The samples were also subjected to screening for their possible antioxidant activity by using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. The IC 50 values of the oil of T. satureioides and T. pallidus were 0.32 and 11.6 mg/mL, respectively.
For centuries, indigenous plants have been used in herbal medicine for curing various diseases [1] . In the last decades, many natural compounds isolated from plants have demonstrated a wide spectrum of biological activities. Among these various kinds of natural substances, essential oils have been screened for their potential uses as alternative remedies for the treatment of many infectious diseases and the preservation of foods from the toxic effects of the oxidants [2] .
The genus Thymus L. (Lamiaceae) consists of 215 species, known for their production of significant amounts of essential oil. Therefore, the chemical classification of the plants is based on their main essential oil components. Among the major compounds in Thymus oils, thymol and carvacrol possess antioxidant [3] , antiseptic, and antifungal properties [4a] . These species are used in folk medicine as powders, decoctions and infusions to relieve pain and to treat several disturbances such as gastro-intestinal infections, whooping cough, bronchitis, influenza and infections of the throat and mouth [4b]. They are reported to possess biological effects such as antispasmodic [5] , antibacterial [6] , antifungal [7], antitabagism [8] , analgesic [9] and antioxidant activities [10].
In Morocco, thyme is represented by many species, some of which are endemic. The aerial parts contain flavonoids, phenolic acids, tannins, resin and, especially, essential oil which is responsible for the majority of the plants pharmacological effects [11a] . Considering the popular use of these plants to relieve pain, we focused on investigating the chemical composition and in vitro antimicrobial and antioxidants activities of the essential oils.
The yields of the different samples of the two Thymus species ranged from 0.7 to 1.65%, w/w. Edward et al.
[11b] recorded that the yield of thyme oil was in the range of 0.8 to 2.8%. The results obtained by GC/MS and GC/FID analysis of the essential oils of T. satureioides and T. pallidus are presented in Table 1 . Correlations between chemical polymorphism, sexual polymorphism and the environment have been detected [11c].
In T. satureioides oil, 60 compounds were identified representing 93.3% of the total oil. The chemical composition of the oil included a high proportion of monoterpenes (68.8%), of which 56.3% were oxygenated compounds ( Table 2 ). The major constituents were borneol (29.5%), carvacrol (9.1%), β-caryophyllene (8.2%), NPC Natural Product Communications 2011 Vol. 6 No. 10 1507 -1510 Table 1 : Chemical composition of T. satureioides (T.s) and T. pallidus (T.p) essential oils (%). RI a Retention Index on HP-1 column; RI b : Retention Index on HP-20 column; tr: traces α-terpineol (6.5%), linalol (5.8%), bornyl acetate (5.5%), p-cymene (5.1%) and camphene (4.0%).
Forty-nine compounds were identified in T. pallidus oil, representing 93.3% of the total. This oil was characterized by a high monoterpene fraction (85.0%), with camphor (29.8%), dihydrocarvone (19.9%), borneol (7.6%) and camphene (7.5%) as the main components ( Table 2 ). The oil of T. satureioides, which is an endemic species of Morocco, was reported to contain borneol (29.4%), Table 2 : Percentages of grouped components from T. satureioides and T. pallidus essential oils. camphene (11.8%) and α-pinene (6.6%) [7] . Another study showed that the essential oil of T. pallidus, which is also an endemic species of Morocco, contained α-terpinene (42.2%), thymol (23.9%) and β-ocimene (8.3%) [12] . Generally, a great variability and diversity is observed concerning the chemical composition of the essential oils of Thymus species and subspecies of different origin due to climatic and soil variations, to the vegetative cycle, and to seasonal variation [13, 14] .
Antibacterial activity:
The in vitro antimicrobial activities of T. satureioides and T. pallidus essential oils against the microorganisms employed and their activity potentials were qualitatively and quantitatively assessed by the presence or absence of inhibition zones, zone diameters and MIC values. According to the results given in Table 3 , the essential oils from thyme were found to have antimicrobial activity against all the microorganisms tested, although the activity varied with the bacterial species.
The essential oils showed interesting activity, especially against Gram-positive bacteria (highly significant difference). The data indicated that the Gram-positive B. subtilis ATCC9524 (51.7 mm) and B. cereus ATCC 14579 (34.3 mm) were the most sensitive strains tested to the oils of T. pallidus and T. satureioides, respectively. The Gramnegative strains also showed a variable degree of sensitivity to the essential oils, especially against Pseudomonas aeruginosa CCMMB11 (known resistant strain) (11.7 mm to T.s oil, 13.7 mm to T.p oil). The results for the MICs are presented in Table 4 . The data indicate that the oils exhibited varying levels of antimicrobial activity against the investigated bacteria. MIC values shown by the EOs were in the range of 0.003 to 5%. It has frequently been reported that Gram-positive bacteria are more susceptible to essential oils than Gram-negative bacteria [15] . The tolerance of Gram-negative bacteria to essential oils has been ascribed to the presence of a hydrophilic outer membrane that blocks the penetration of hydrophobic essential oils into the target cell membrane.
According to different reports, multiple drug resistances to P. aeruginosa are spreading in the world and making more problematic the therapeutic management of patients suffering with infections of this bacterium [16a] . Some researchers have attempted to correlate anti-microbial activity with the components of essential oils [16b,17] . Terpene alcohols are particularly active against microbial cells because they are soluble in aqueous media and cause significant damage to cell walls of microorganisms. Essential oil antibacterial and antioxidant activities of Thymus Natural Product Communications Vol. 6 (10) 2011 1509 The antimicrobial activity of essential oils from Thymus species appears to be associated with phenolic compounds (thymol and carvacrol) [18,19a] The antimicrobial activity of the essential oil of thyme is apparently related to its terpenoid components, such as camphene and p-cymene (Table 1) , since there is a relationship between the chemical structures of the most abundant oils and their antimicrobial activities. Although the mechanism of action of terpenes is not fully understood, it is thought to involve membrane disruption by the lipophilic compounds [1] . Essential oils containing terpenoids have been reported on numerous occasions to possess antimicrobial activity [for example, 20b, 21]. 
